An accurate and novel method was developed for the determination of residual solvents of Cloxacillin and Dicloxacillin Sodium by using Head Space Gas Chromatography (HSGC). The determination was done on Clarus 400 (PerkinElmer) with Total Chrome Navigator software. The residual solvents were separated on Elite -5 Fused silica capillary column 30 Meter long and 0.32 mm in internal diameter. Beer's law is obeyed in the concentration ranges of Methanol, Ethyl Acetate and Toluene 200 -3000, 100 -1000, 100 -500 ppm and 50 -2000, 50 -1000, 50 -500 ppm for Cloxacillin and Dicloxacillin Sodium respectively. The method was validated for specificity, linearity, precision, accuracy, limit of detection, limit of quantitation, robustness and solution stability. The degrees of linearity of the calibration curves, the percent recoveries, relative standard deviation for the method were determined. The correlation coefficient for methanol, ethyl acetate and toluene are found 0.9978, 0.9972, 0.9838 and 0.9872, 0.9969, 0.9883 respectively for Cloxacillin and Dicloxacillin Sodium.
INTRODUCTION
Cloxacillin sodium (CS) is a semisynthetic antibiotic. It is an enzymatic depressant of gram-positive bacteria that can produce a lactamase. So it can be used to protect ampicillin from a lactamase and remedy some clinical disorders like septicemia, pneogaster infection, meningitis and soft tissue infection, etc. Dicloxacillin Sodium (DS) is a narrow spectrum beta-lactam antibiotic of the penicillin class. It is used to treat infections caused by susceptible Gram-positive bacteria. It is active against beta -l actamase -producing organisms such as Staphylococcus aureus [1] which would otherwise be resistant to most penicillins. DS is insensitive to betalactamase enzymes secreted by many penicillinresistant bacteria. The presence of the isoxazolyl group on the side chain of the penicillin nucleus facilitates the β-lactamase resistance, since they are relatively intolerant of side-chain steric hindrance. Thus it is able to bind to penicillin binding proteins (PBPs) and inhibit peptidoglycan crosslinking but is not bound by or inactivated by β-lactamases.
The present communication reports a validated head space gas chromatographic method for the determination of residual solvents of Cloxacillin and Dicloxacillin Sodium. The determination was done on Clarus 400 (PerkinElmer) with Total Chrome Navigator software. The residual solvents were separated on Elite -5 Fused silica capillary column 30 Meter long and 0.32 mm in internal diameter. This method is sensitive and accurate and do not require laborious clean up procedures and pretreatment of samples.
MATERIALS
• Cloxacillin Sodium and Dicloxacillin Sodium (Vardhman Chemtech Ltd, Mohali, Punjab, India) used as a working sample.
• Methanol (HPLC Grade) was purchased from Merck Specialties Private Limited (Mumbai, India).
• Ethyl Acetate (LR Grade) was purchased from Merck Specialties Private Limited (Mumbai, India).
• Toluene (LR Grade) was purchased from Ranbaxy Fine Chemicals Limited (New Delhi, India).
• Dimethyl Sulphoxide (DMSO) (LR Grade) was purchased from Ranbaxy Fine Chemicals Limited (New Delhi, India).
METHODS

HSGC Instrument and Conditions
• The Head Space Gas Chromatography used was model Clarus 400, PerkinElmer (Shelton, USA) (Serial No: 646N8111901). The Clarus 400 Gas Chromatograph (GC) is a microprocessorcontrolled gas chromatograph with an optional built -in autosampling system. The GC system is supported with additional equipment TurboMatrix 40 Sampler. All gas conduits that deliver carrier gas or any detector gas to the Clarus 400 GC must be formed from copper or stainless steel tubing that is free of grease, oil, or other organic material.
• The data processing system were run with Total Chrome Navigator software which connected with PC.
• An official method (2 -4) was present for the determination of residual solvents. The gas chromatograph is equipped with flame ionization detector, 0.32 mm x 30 -m fused silica column coated with a 1.8 µm layer of phase G43 or a 0.53 mm x 30 -m wide bore column coated with a 3.0 -µm layer of phase G43. The carrier gas is nitrogen with linear velocity of about 35 cm per second and split ratio of 1: 5. The column temperature is maintained at 40°C for 20 minutes, then raised at a rate of 10°C per minute 240°C and maintained 240°C for 20 minutes. The injection port and detector temperature are maintained at 140°C and 250°C respectively.
• In present method, the chromatograph is equipped with flame ionization detector. The solvents are separated on elite -5 Fused silica capillary column 30 Meter long & 0.32 mm in internal diameter. The column temperature is maintained at 50°C for 2 minutes, then raised at a rate of 20°C per minute 220°C and maintained 220°C for 2 minutes. The injection port and detector temperature maintained at 250°C. The carrier gas nitrogen passed with a velocity of 37.3 cm per second with pressure 10 Kpa and split ratio of 1: 1. The injections, pressurized, withdraw and thermostate times are 0.1, 2.0, 0.2 and 10 minutes. The gas chromatography cycle time is only 35 minutes.
Validation
Specificity
Diluent Blank: Transfer 2 ml of DMSO into one Headspace sample (HSS) vial and sealed it with vial septa followed by aluminum cap.
Preparation of solvents standard solution for specificity: Weigh 0.25 gm of methanol in 100 ml volumetric flask diluted with DMSO upto mark. Take 2 ml solution in Headspace vial.
Weigh 0.25 gm of ethyl acetate in 100 ml volumetric flask diluted with DMSO up to mark. Take 2 ml solution in Headspace vial.
Weigh 0.25 gm of toluene in 100 ml volumetric flask diluted with DMSO up to mark. Take 2 ml solution in Headspace vial.
Procedure: Inject diluent blank and standard solutions of methanol, ethyl acetate and toluene in singlet. Identify the retention time of each solvent. Record the retention time of methanol, ethyl acetate and toluene.
Precision
A. Instrument Precision
Diluent blank: Transfer 2 ml of DMSO into one Headspace sample (HSS) vial; sealed it with vial septa followed by aluminum cap.
Preparation of standard solution: Weigh 3.0 gm of methanol and 5.0 gm ethyl acetate and 0.89 gm toluene in 100 ml volumetric flask and diluted with DMSO up to mark. Take 5 ml of this in 50 ml volumetric flask and dilute up to 50 ml with DMSO. Take 2 ml solution in Headspace vial.
Procedure: Inject 2 ml of standard solution six times and record the area response to calculate % RSD.
B. Method Precision
Preparation of sample solution: Weigh 0.2 gm of sample in 100 ml DMSO. Take 2 ml of this in Headspace vial.
Procedure: Inject 2 ml of sample solution three times and record the area response. Calculate the % RSD for area response of sample.
Linearity & range
Linearity Solutions: Preparation of standard stock solution (5000 ppm): Weigh 0.5 gm of methanol and 0.5 gm ethyl acetate and 0.5 gm toluene in 100 ml volumetric flask and diluted with DMSO upto mark. 50 ppm standard solution: Take 0.5 ml of standard stock solution in 50 ml volumetric flask and dilute to 50 ml with DMSO. 100 ppm standard solution: Take 1.0 ml of standard stock solution in 50 ml volumetric flask and dilute to 50 ml with DMSO.
200 ppm standard solution: Take 2.0 ml of standard stock solution in 50 ml volumetric flask and dilute to 50 ml with DMSO. 300 ppm standard solution: Take 3.0 ml of standard stock solution in 50 ml volumetric flask and dilute to 50 ml with DMSO. 500 ppm standard solution: Take 5.0 ml of standard stock solution in 50 ml volumetric flask and dilute to 50 ml with DMSO. 800 ppm standard solution: Take 8.0 ml of standard stock solution in 50 ml volumetric flask and dilute to 50 ml with DMSO. 1000 ppm standard solution: Take 10.0 ml of standard stock solution in 50 ml volumetric flask and dilute to 50 ml with DMSO. 1500 ppm standard solution: Take 15.0 ml of standard stock solution in 50 ml volumetric flask and dilute to 50 ml with DMSO. Procedure: Inject 2 ml of three standards at normal analytical condition and at varied oven temperature in triplicate. Calculate Relative standard deviation for methanol, ethyl acetate, toluene peak response from three injections of standard solutions.
Solution Stability:
Preparation of standard solution: Weigh 1.5 gm of methanol and 5.0 gm ethyl acetate and 0.89 gm toluene in 100 ml volumetric flask and diluted with DMSO upto mark. Take 5 ml of this in 50 ml volumetric flask and dilute upto 50 ml with DMSO.
Take 2 ml Solution in Headspace vial.
Procedure: Inject 2 ml of standard solution three times after 24 hours of solution preparation and record the area response to calculate % RSD.
RESULTS AND DISCUSSIONS
Specificity: Under experimental conditions, the retention times of DMSO, Methanol, Ethyl Acetate and Toluene were found to be 8.004, 2.781, 4.375 and 6.528 respectively.
Precision: For instrument precision the relative standard deviation of methanol, ethyl acetate and toluene were found to be 2.147, 0.890, 1.217 and 0.486, 0.226, 0.185 % respectively for Cloxacillin Sodium and Dicloxacillin Sodium (Table 1) . For method precision, the RSD value of ethyl acetate was found to be 6.28 and 4.75 % ( Table 2) respectively for CS and DS where as methanol and toluene solvents were not detected. These values are acceptable within limit of RSD value 15%.
Linearity and Range: Under experimental conditions, the peak area and concentration plot for methanol, ethyl acetate and toluene was found to be rectilinear over the range of 50 -1500, 100 -1000, 50 -500 and 50 -2000, 50 -1000, 100 -500 ppm respectively for CS and DS. The correlation factors of methanol, ethyl acetate and toluene were found to be 0.9998, 0.9909, 0.9909 and 0.9956, 0.9941 and 0.9963 respectively for Cloxacillin and Dicloxacillin. The results are summarized in Table 3 
